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FIELD TRIP SCHEDULE

Approximate, Central Standard Time
DAY 1 (October 16, 4 CEUs)
10:30
Start at O’Neill Superfoods, O’Neill, NE. Trip orientation and safety meeting. Introduce
the overall management and hydrogeological framework of the region with specific
(30 min)
references to: geological hazards, observation networks, and scientific investigations.
Upper Elkhorn Natural Resources District general manager Dennis Schueth will highlight
the primary natural resources management concerns in the region.
12:00
(1.5 hours)

Spencer Dam – begin on the south side of the river and view the ruins of the Spencer
Hydroelectric facility and discuss the geology exposed at the site and the geologic hazards
illustrated here, then move to outcrop and overlook of hydro and dike destroyed in the
spring of 2019 by ice-laden floodwaters, hear how it happened from a local resident and
NRD Manager Terry Julesgard and discuss impacts to the rural water district resulting
from the flood damage.

14:00
(TBD)

TENTATIVE: Artesian Well – visit groundwater well with an open hole completion in
Dakota Group strata with significant flow driven by artesian pressure.

14:00
(2.5 hours)

Niobrara State Park – explore geology and geological hazards at several locations
in/near Niobrara State Park, including Niobrara Formation, Pierre Shale, macro and
micro fossils, evidence of landslides and flooding impacts.

18:00

OPTIONAL SOCIAL ACTIVITY – Tour of the Nissen Family Vineyard, Hartington, NE

DAY 2 (October 17, 6 CEUs)
7:30
(15 min)

Start at Niobrara Trading Post in Niobrara. Introduction and Day 2 overview of the trip.
1

8:30
(2.5 hours)

Cedar-Knox Rural Water Project/Niobrara Chalk – Tour the surface water treatment plant
and surface water in-take with Scott Fieldler and Cope Clark. Discuss silt encroachment
and other challenges of diverting surface water from a reservoir with NRD Manager
Annette Sudbeck, and their 3-year groundwater project. Examine the Niobrara Chalk
along the lakeshore and discuss the use of the Niobrara Formation as a bedrock aquifer.

11:30
(30 min)

Lewis and Clark NRD Observation Well Network – Visit wellsite and discuss installation
process, CSD data collection and logging, and how the individual data points relate to
regional subsurface mapping efforts.

12:30
(1.5 hours)

Lewis and Clark Visitor Center – Following a brief rest stop at the visitor center, USACE
Operations Project Manager Tom Curran will give a guided tour of the Gavins Point Dam.

15:00
(1.5 hours)

Bazile Creek – Discuss the National Water Quality Initiative, the Bazile Groundwater
Management Area Plan, and University of Nebraska demonstration farm with NRD
Manager Mike Sousek and UNL Extension Educator Jeremy Milander. Discuss Lower
Elkhorn NRD observation well network, with long term water level observations and
water quality data and a focus on variations between Plio-Pleistocene sands and gravels
and high Plains (Ogallala) Aquifers.

17:00
(1 hour)

Ogallala Group Strata – Discuss the Miocene strata and water resources management
implications of its presence/absence in particular locales in the region along the upper
margin of the Verdigre Creek watershed west of Creighton.

18:00

Return to lodgings

DAY 3 (October 18, 5 CEUs)
7:30 (15 min)

Start at Niobrara Trading Post in Niobrara. Introduction and Day 3 overview of the trip.

9:15
(1 hour)

Carlile Shale – Examine the Carlile Shale exposed along Highway 15 south of Vermillion,
SD and discuss the overall lithostratigraphy of the Cretaceous section in eastern Nebraska.

11:00
(30 min)

Ionia Volcano – visit the famed site noted in the journal of William Clark (Aug 24, 1804)
and discuss the mystery of the burning organic-rich strata and hypotheses regarding
its cause.

12:00
(2 hours)

Ponca State Park – Explore the stratigraphic section, glacial erratic boulders used in
construction, and loess deposits at Ponca State Park. (Bring sack lunch for on the trail)

15:00
(2 hours)

Homer, NE – Visit an outcrop of Dakota Group rocks and discuss its lithostratigraphy
and use as primary source of underground drinking water in northeast Nebraska,
including a presentation and discussion with USGS hydrologist Chris Hobza regarding
the results of his recent water quality investigation. Learn about results relating to
ongoing aerial electromagnetic surveying to better characterize the subsurface in
the region. Discuss what has been learned in recent years regarding the subsurface
conceptualization and how that will shape our system conceptualizations in the future.

17:00

Return home
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INTRODUCTION
The 2021 Nebraska Geological Society field trip will
provide an overview of the geology and hydrogeology
of northeast Nebraska, the groundwater quality
and quantity issues unique to the region, water
management issues and decision-making, and
ongoing work relating to water quality and geologic
(hydrostratigraphic) framework, along the lower
Niobrara and Missouri rivers Between Spencer
Dam and Homer Nebraska. This program will be
comprised of an auto tour with multiple stops on
Saturday October 16 through Monday October 18
as illustrated in Map 1. The tour will begin with an
examination of the Spencer Dam site and several
locations in and around Niobrara State Park. Day
2 will see participants visiting water infrastructure
and aquifer framework projects in the region, as well
as locations with outstanding geology and features
from geological hazards (flooding and landslides).
Participants will complete the trip by examining
a Carlile Shale outcrop south of Vermillion, SD,
visiting a historical site with geological significance,
and conclude by examining older sedimentary strata
found in Ponca State Park and an outcrop of Dakota
Sandstone in Homer, NE with a discussion relating to
its significance as an aquifer in eastern Nebraska.
Physical Geography
This tour is taking place on the North American
platform, the sedimentary-rock-covered, more or
less stable continental interior. Beneath a mantle
of regolith and sedimentary rocks are igneous and
metamorphic “basement” rocks that together we often
call crystalline rocks (Joeckel et al., 2017b). The field
trip traverses part of the Siouxana Arch in the western
portion, and the Salina Basin lies to the south of the
field trip area in eastern Nebraska, all of which lies
within the south flank of the Transcontinental Arch
(Map 2).
Much of the field trip area is in four Major Land
Resource Areas (Map 3), the Dakota-Nebraska
Eroded Tableland, Southern Rolling Pierre Shale
Plains, Loess Uplands, and Nebraska Sand Hills,
although the Missouri valley of the far eastern
portion of the field trip area is included in the
Iowa and Missouri Deep Loess Hills and the area
north of Lewis and Clark Lake is included in the

Southern Black Glaciated Plains (U.S. Department
of Agriculture, 2006). The landscape is often rolling
rather than flat and total relief in the field trip area
may approach 600 feet. Silty, loamy, sandy, and clayey
soils are all found in the study area formed from
weathering of Cretaceous strata, Quaternary loess,
Pleistocene glacial sediments and alluvium. Grazing
is the dominant land use, while cultivated cropland
is common. Topographic regions include rolling
hills, plains, dissected plains, bluffs and escarpments,
Sandhills, and valleys (Map 4). The landscape of the
field trip area has been similar to the present plains
since the end of the Miocene Epoch, likely with less
relief, relief enhanced by post Miocene erosion in the
proto-drainages of the present day stream network
(Joeckel et al., 2017b).
Fluvial erosion of the region is significant, with
the sharply incised Niobrara River in the west and
the Missouri River bluffs with its short tributary
drainages to the north and east. The lower reaches
of the Niobrara expose not only Ogallala Group
sediments, but parts of the Rosebud Formation and
Brule Formation strata as well. Eolian erosion has
an impact on the region in the form of northwest
to southeast trending ridges, predominantly on
the uplands, affecting strata as old as the Cap Rock
Member of the Ash Hollow Formation, and eolian
deposition of sand in various dune forms and loess as
a blanket on the landscape (Diffendal et al., 2008a,b;
Joeckel et al., 2017a).
Geology
Geology of the region has been the subject of fairly
detailed study since the late 1850s, as documented by
the Warren, Meek and Hayden Surveys, not including
the earlier (1845) small scale geologic map of the US
by Charles Lyell. By the early 20th century, studies
began to focus more closely on paleontology. In
the latter half of the 20th century, much work and
many publications were produced on the geology
and paleontology of Cenezoic units, groundwater
studies containing geological information, damsite
investigations, paleogeography and landforms,
radioactive waste disposal site evaluation, soil
surveys, and geologic mapping (Diffendal and
Voorhies, 1994; Diffendal et al., 2008a,b).
3

In situ crystalline basement rocks are not exposed in
Nebraska, but are found at the surface as little as 150
miles north-northeast of Sioux City. Deep test holes
in Nebraska have penetrated crystalline basement in
some locations, indicating that Nebraska is underlain
by at least three “masses of basement rock: (1) the
Trans-Hudson orogen, which underlies only a small
part of northern Nebraska and extends far northward
into the western Dakotas and Canada; (2) the Central
Plains orogen, which underlies almost all of Nebraska
and extends far south- and westward; and (3) the
Superior Craton, which underlies the area of the field
trip and extends far north- and eastward into the
eastern Dakotas, western Minnesota, Manitoba, and
beyond” as shown in Figure 1 (Joeckel et al., 2017b,
Sims et al., 2005). There are likely numerous faults
in basement rocks that we are unable to see or map,
that along with other structural features like the
Salina Basin, Kennedy Basin, and Siouxana Arch,
help determine the distribution and thickness of
sedimentary deposits. (Joeckel et al., 2017b)
Much of the sedimentary strata was deposited in
shallow seas, while relatively small volumes were
deposited on land surfaces. Some of the Paleozoic
succession is absent in northeast Nebraska, with
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Lower Cretaceous strata overlying Pennsylvanian,
Lower Mississippian, Ordovician, Cambrian, or
Proterozoic rocks, depending on location. Cretaceous
strata includes Dakota Group, Graneros Shale,
Greenhorn Limestone, Carlile Shale, Niobrara
Formation and Pierre Shale (Map 5, Burchett, 1986).
The Dakota is fluvial, estuarine, and nearshore
marine, while the others are marine. Marine strata
tend to be laterally continuous, but that’s not always
the case in northeast Nebraska (Joeckel et al., 2017b).
The Conservation and Survey Division test hole 04LC-14, drilled in northeastern Knox County in 2014,
indicates that the Cretaceous succession there is 874
feet thick, and we know this package of strata thickens
westward (Joeckel et al., 2017b). Cretaceous strata
in the region were deposited within and along the
margins of the Western Interior Seaway, representing
transgressive and regressive sequences associated with
five documented cyclothems; the Kiowa-Skull Creek,
Greenhorn, Niobrara, Clagget, and Bearpaw (Divine
et al., 2016). An unnamed early Eocene unit (Korus
and Joeckel, 2011) occurs at a single small outcrop
containing mammal fossils that were documented
by Voorhies in the late 1980s (Joeckel, personal
communication, September 2021).

Figure 1:
Basement structure
of the United States
(Sims et al., 2005).

Paleogene and Neogene strata that can be found in
northeast Nebraska include the Chadron Formation
of the White River Group, which outcrops at few
isolated locales, the Rosebud Formation of the
Arikaree Group in the far west end of the field trip
area, and the Valentine and Ash Hollow formations
of the Ogallala Group, also predominantly in the
western parts of the field trip area (Diffendal and
Voorhies, 1994). The Valentine Formation consists of
loose and muddy sands, some green silica-cemented
sandstones (quartzites), some brown chert, and
minor air-fall volcanic ash (Diffendal, 1997). The Ash
Hollow Formation is known for its lime-cemented
ledges that alternate with less well cemented sands
and sandstones, with volcanic ash beds in parts of the
formation (Diffendal, 1997).
Pliocene gravels and sands in the region, the Long
Pine Formation is now thought to be Broadwater
Formation as recognized in western Nebraska
(Swinehart and Diffendal, 1997). The Broadwater
Formation occurs in a northeast trending channel
deposit containing quartzite, chert, granite,
anorthosite, and jasper pebbles, and tops the
Springview tableland in Keya Paha and western Boyd
counties (Diffendal, 1997).

Events of the Pleistocene (2.6 Ma-11.7 ka) and
Holocene (post-11.7 ka) epochs define the modern
landscape in the field trip area. Periods of glacial
advance and retreat are evidenced by the presence of
glacial erratics, rocks brought from other areas, such
as Sioux Quartzite. (Joeckel et al., 2017b) Glaciers
advanced into the center of the North American
continent between ~2.5 million and ~640 thousand
years ago multiple times, such that till and outwash
deposits left behind are not yet well understood
(Joeckel et al., 2017b, Voorhies and Goodwin, 1989).
Wind played a major role as well. Three loess units
can be found on uplands in eastern Nebraska:
Loveland Loess, Gilman Canyon Formation (Pisgah
Formation in Iowa), and Peoria Loess that date to
~160,000 to ~140,000, 45,000 to ~25,000 and ~25,000
to 14,000 years ago, respectively. The older loess units
are absent in much of northeast Nebraska. (Joeckel
et al., 2017b). The northeast margin of the Nebraska
Sandhills is found in the southwest part of the field
trip area. They are belted on the east and south by
loess deposits (Figure 2, Muhs et al., 2008), including
the three that occur in the field trip area.

Figure 2: Distribution of loess, eolian sand, and the White River Group
in Nebraska and adjacent states (Muhs, et.al., 2008).
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Hydrogeology
Aquifers in the field trip area include the High Plains,
Niobrara, Codell, and the Maha/Dakota (Map 6,
Korus et al., 2013). The High Plains aquifer is present
in the southern portion of the field trip area, except
where incised valleys have eroded through the
hosting strata. It is primarily comprised of Ogallala
Group strata and Plio-Pleistocene sediments of fluvial
and eolian origins, and may also be hydraulically
connected with groundwater in the upper Brule
(Sharps?), Gering, Monroe Creek, Rosebud and
Harrison Formations (Joeckel et al., 2017a). Overall,
short term (1, 5, and 10 year) water level changes have
been generally rising in the field trip area, while long
term water level changes indicate regionally stable to
rising water levels in much of the field trip area with
select areas in the western part of the field trip area
with slight to moderate water level declines (Figure 3,
Young et al., 2020). Figure 4 illustrates the generalized
geologic and hydrostratigraphic framework of
Nebraska (Korus and Joeckel, 2011).
Some wells in the field trip area produce water
from the Niobrara Formation in locations where
its upper part is fractured (Joeckel et al., 2017a).
While the Niobrara Formation is the first bedrock

unit encountered when drilling in parts of twenty
three counties that form a northeast to southwest
band across eastern Nebraska, it is only utilized
as an aquifer by 550 wells in Cedar, Madison
and Dixon counties in the field trip area, and in
Nuckolls, Webster, Franklin and Adams counties in
southcentral Nebraska (Figure 5). In the northern
counties, iron, manganese and sulfite concentrations
may be elevated in groundwater from the Niobrara
Formation (Divine et al., 2017).
The Codell aquifer is composed of up to three
units within the Carlile Shale, and it underlies
approximately 460 square miles in Boyd and Knox
Counties, supplying at least 70 registered wells. The
Codell is widespread in eastern South Dakota, except
atop the Sioux Quartzite Ridge, thinning to the west.
In Nebraska, it is used as a water supply in the lower
Ponca, Verdigre, and Bazile creeks and in the vicinity
of the Niobrara and Missouri rivers’ confluence,
though it may have elevated sulfate concentrations in
Boyd and Knox counties. It functions as an aquifer
in northwestern KS, and can be conceptualized as
a wedge of clastic sediment that prograded into the
eastern margin of the Western Interior Seaway during
marine regression (Divine et al., 2016).

Figure 3: Groundwater-Level Changes in Nebraska – Predevelopment to Spring 2020 (Young et al., 2020).
6

Figure 4: Generalized Geologic and Hydrostratigraphic Framework of Nebraska (Korus and Joeckel, 2011).
7

The Maha/Dakota aquifer only serves as an
underground source of drinking water where water
quality is suitable, particularly in the eastern part of
Nebraska, correlating with the area where its strata
is near enough to the land surface to have local
precipitation as a possible source of recharge, while
it is characterized by poor water quality in much
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of Nebraska. Hobza and Flynn (2021) investigated
aquifers in Cretaceous and older strata in the
glaciated portion of eastern Nebraska with respect to
water quality and groundwater age to begin parsing
local and regional hydrogeological processes that may
impact the aquifers.

Figure 5. Locations of wells screened within the Niobrara Formation (Divine et al., 2017).

Geological Hazards
Landslides are common in the field trip area, often in
portions of the Pierre Shale (Diffendal and Voorhies,
1994), and eight have been recorded and classified
within Niobrara State Park. Most landslides in Knox
County are related to the Pierre Shale, except some
rock falls occurring in the Niobrara Chalk Formation
(Map 5, Flowerday et al., 1997). Most are small and
occur over extended periods of time, sometimes
making them appear inconsequential, but the costs
of mitigating for them can be substantial. The large
landslide along Highway 14 south of Niobrara,
Nebraska, cost the State of Nebraska more than $2
million in mitigation costs, as of 2013. While most
of the landslides progress slowly, sometimes over
years or decades, they occasionally occur quickly,
within hours, or as the case with many rock falls,
instantaneously (Eversoll, 2013). Factors affecting
the occurrence of landslides include geological
formation/type of bedrock, sloping surfaces, water
to increase pore fluid pressure and as a lubricant,
triggers such as earthquake, thunder, human
activities/vibrations from traffic, and weather, such
as rain and snow, or combinations thereof. Six types
of landslides have been documented in Nebraska:
rock falls, topples, rock slumps, earth slumps, lateral
spreads, and complex slides (Figure 6, Eversoll, 2013).
Flooding can be a hazard along the streams and on
low terraces (Diffendal and Voorhies, 1994). The town
of Niobrara has relocated three times as the result of
floods and rising river level (stage). Originally along
the Missouri River, flooding in the spring of 1881 led
to its abandonment for higher ground. Subsequent
floods in 1899 and 1927 that took several weeks to
recede caused damage and buildings to be relocated.
The largest documented flood on the Missouri River
happened in 1952, just before the reservoir system
was completed, with an estimated discharge around
half a million cubic feet per second (typical discharge
is 20,000 to 40,000 cubic feet per second). Flooding
is known to be associated with ice jams both on
the Missouri and the Niobrara rivers (Flowerday
et al., 1997). Flooding on the Niobrara River is not
on the magnitude of the Missouri River, but can be
destructive nonetheless. Floods have occurred in
1960, 1962, 1964, [25-45k cfs] and 2019. Ice contained
within floodwater in 2019 damaged the Spencer

a

b

Figure 6: Six types of landslides found in Nebraska:
a) rock falls, b) topples, c) rock slumps, d) earth
slumps, e) lateral spreads, and f) complex slides
(Eversoll, 2013).
(continued on next page)
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c

e

d

f

Figure 6 continued: Six types of landslides found in Nebraska: a) rock falls, b) topples, c) rock slumps, d) earth slumps,
e) lateral spreads, and f) complex slides (Eversoll, 2013).

hydroelectric facility contributing to the breach of
the dam and its dike (Figure 7), and subsequent
catastrophic release of water downstream of the dam.
Earthquakes have been recorded in the region
(Map 7, Diffendal and Voorhies, 1994). In 1964, a
magnitude 5.1 earthquake with an epicenter west
10

of our field trip area near Merriman, Nebraska, was
felt in parts of four states and caused minor damage.
Since 1900, there have been 17 earthquakes in or
near the field trip area with magnitudes between 2.7
and 4.4, including three earthquakes in 2021 (United
States Geological Survey, undated).

Figure 7: Google Earth images showing the Spencer dam field trip stop locale
before (above) and after (below) the flood and dam failure of spring 2019.
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FIELD TRIP STOPS
STOP 1:
SPENCER DAM
“In the early morning hours of March 14, 2019,
Spencer Dam on the Niobrara River in northern
Nebraska failed during a major flood and ice run
on the river. An independent investigative panel was
formed to examine the failure” (ASDSO, 2020). The
Spencer Dam included a powerhouse, 400 foot
concrete spillway, and a long earthen embankment/
dike. The examination resulted in an opinion of
the failure scenarios, organizational and human
causes, and lessons for dam safety engineers to learn
(ASDSO, 2020). The Spencer Dam is approximately
39 miles above the Niobrara River mouth where the
river joins the Missouri River just upstream of Lewis
and Clark Lake.
The Niobrara River originates on the High Plains
approximately 400 miles upstream of the Spencer
Dam and drains approximately 12,800 square miles.
It has few large tributaries, with relatively steady
baseflow, relatively constant stage (water surface
elevation) and rare flooding, except local ice-jam
flooding. The valley is deeply incised, has numerous
tributary waterfalls, and is noted for its microclimates
supporting species normally associated with boreal
and cool-temperate forests (Joeckel et al., 2017a).
Field trip participants will begin the tour on the
south side of the Niobrara River, view the ruins of the
Spencer Hydroelectric facility and discuss the geology
exposed at the site and the geologic hazards illustrated
here. They will move to the outcrop and overlook of
the hydro and dike destroyed in the spring of 2019 by
ice-laden floodwaters. Participants will learn how it
happened from a local resident, discuss impacts to the
rural water district resulting from the flood damage,
and examine the large rock slump along the north
bank just downstream of the powerhouse.

STOP 2:
ARTESIAN WELL

Participants will visit a groundwater well completed
as an open hole in the Dakota Aquifer with significant
flow driven by artesian pressure, and discuss the
12

driller’s log (Figure 8) indicating the presence of
Codell Sandstone, and possible absence of Graneros
Shale in the subsurface at that location.
From Depth To Depth
0
150
150
210
210
260
260
330
330
590
590
660
660
800

Description
CLAY & SHALE
LIMESTONE
CHALK ROCK
SOFT WATER SAND
SHALE
GREENHORN LIMESTONE
SAND

Figure 8: Geologic log of flowing artesian water well
completed in 1981 by McFarlane Well Drilling.

STOP 3:
NIOBRARA STATE PARK

Participants will explore the geology and evidence
of geological hazards at several locations in/near
Niobrara State Park in northwestern Knox County,
just west of the town of Niobrara. Significant
elements in this part of the tour include the Niobrara
Formation, Pierre Shale, macro- and microfossils,
evidence of landslides and flooding impacts (Map 5).
Northeastern Nebraska and the land at the present
day site of Niobrara State Park is culturally significant
for historical events in the region, including presence
of the Omaha and Ponca tribes and the expedition
of Lewis and Clark. The Ponca were living in the
vicinity of the mouth of the Niobrara River by 1730,
with a confirmed historical report of Ponca on Bazile
Creek in 1785. On Tuesday, September 4, 1804,
the Lewis and Clark expedition passed the mouth
of the Niobrara River, and Captain Clark explored
about three miles up the Niobrara, returning to the
expedition camp later the same day. By the 1830s, the
Ponca had become nomadic, following bison on the
plains. As bison herds declined, The Ponca gave up
much of the ancestral land, and by 1858 they retained
a reservation between the Niobrara River and the
Ponca Creek for about 20 miles upstream of the
Niobrara/Missouri confluence. In 1865, the boundary
was changed somewhat, and in 1868, the Ponca
relocated to Indian Territory, present day Oklahoma”
(Flowerday et al., 1997).

Limestone and chalk of the Niobrara Formation
can be found in discontinuous outcrops along the
Missouri River valley and a large exposure is visible
from the footpath bridge along the left bank of
the Niobrara River near its mouth (Diffendal and
Voorhies, 1994), these form near vertical cliffs,
extending to Gavins Point Dam east of the park
(Flowerday et al., 1997). The Niobrara Formation
was deposited in a shallow marine environment
along a sea that extended between the present day
Arctic Ocean and Gulf of Mexico (Diffendal and
Voorhies, 1994), and is composed of skeletal remains
of coccoliths, a phytoplankton algae that were
abundant in the Western Interior Seaway during the
late Cretaceous. Larger fossils are common in the
Niobrara Formation, and may include Inoceramus,
Pseudoperna congesta, and/or Xiphactinus (Flowerday
et al., 1997).
The seaway receded for a time, and then returned
to a higher level than before, while the dark mud
of the Pierre shale was deposited atop the eroded
Niobrara Formation (Diffendal and Voorhies, 1994).
The high organic content of the shale a result of
anoxic conditions in deeper water, and relatively
common pyrite indicating the likely degradation
of organic material by anoxic bacteria that produce
hydrogen sulfide that can be taken up by iron to form
the iron sulfide mineral (Flowerday et al., 1997).
The Crow Creek Member of the Pierre Shale is a
light colored bed that is visible in some landslide
exposures in the park (Flowerday et al., 1997). This
marlstone represents a significant departure from the
depositional regime of organic rich shale below and
above it, with a pebbly basal unit containing rip-up
clasts, fossils and rock fragments over varying age,
and documented fining upward detrital material
throughout the member (Flowerday et al., 1997).
Weber and Watkins (2007) documented a reworked
assemblage of nanofossils that decrease in abundance
upward through the marlstone, as well as decreasing
abundance with respect to the distance from the
Manson Impact Structure in present day Iowa and the
paleo-topographic high Sioux Ridge, suggesting the
impact as a resuspension event and subsequent fining
upwards deposition the result of gravitational settling
of suspended material (Figure 9).

Figure 9. Stratigraphic distribution of reworked
nannofossils from seven localities in South Dakota and
Nebraska as shown in the map above the chart (Weber
and Watkins, 2007).
The Mobridge Member, another chalky interval in the
Pierre Shale, can be found near the top of the bluff in
the park. Below the Mobridge Member, Plesiosaurs
are the dominant large marine reptile, with mosasaurs
assuming that niche in the Mobridge. Nanofossils
differ as well, with those of the Mobridge Member
not found in tropical seas, but known from basins
near Antarctica, indicating that the Western Interior
Seaway may have experienced an influx of cold water
from the north, the predecessor to the present day
Arctic Ocean. Another working hypothesis posits
that the Western Interior Seaway may have become
a seaweed forest near the end of the Late Cretaceous,
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providing a physical advantage for the sleek
mosasaur to maneuver through the vegetation better
that the more cumbersome Pleisiosaur (Flowerday et
al., 1997).
The Niobrara State Park Mosasaur
“In 1986 construction of a state recreation road
within the new park exposed the Mobridge
Member of the Pierre [Shale] in several roadcuts.
The following year, while planting trees along
one of the new cuts, Nebraska Game and Parks
Commission horticulturists Jon Morgenson and
Steve Brey made a thrilling discovery. Several large
petrified bones were protruding from the chalk
rock while weathered bone and tooth fragments
lay scattered on the slope below. Morgenson, an
avid amateur paleontologist, did the proper thing
by reburying the bones that remained in place and
taking the fragments to the NU State Museum
for identification. The fragments were from the
jaws of a large mosasaur (or giant sea lizard)!
Permission to remove them was obtained from
park Superintendent Steve Kemper, and a small
crew of volunteers and State Museum staff set to
work excavating the remaining bones. It didn’t
take long to remove the soft rock surrounding
a magnificent skull and partial skeleton of the
huge Mosasaurus missouriensis, so far Nebraska’s
largest known and most ferocious Late Cretaceous
resident.” (Flowerday et al., 1997).
Topographic features in the park can be obscured
by soils and colluvium, landslide features, etc, but
generally, the vegetated uplands with rounded
topographic features in the park are likely underlain
by the softer Pierre Shale, while the more resistant
chalk and limestone comprise the steeper slopes and
vertical faces in the lower elevations.
Two large landslides can be seen from the high
picnic areas in Niobrara State Park, visible to the
southeast of the park entrance along state Highway
14. The landslides posed challenges to a rail line (now
abandoned) and State Highway 14 that cross the slide
area. (Flowerday et al., 1997).
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STOP 4:
CEDAR-KNOX RURAL WATER PROJECT/NIOBRARA CHALK
The current source of water for the Cedar-Knox
Rural Water Project is Lewis and Clark Lake, the lake
created from the impoundment of water by Gavins
Point Dam. Lake water is treated and delivered to
nearly 2,500 individuals at more than 900 rural
connections and the communities of Crofton,
Fordyce, St. Helena, and Obert.

Participants will tour the surface water treatment
plant and surface water in-take with Scott Fiedler
and Cope Clark, and discuss silt encroachment and
other challenges when diverting surface water from
a reservoir, and their 3-year groundwater project to
identify a potential alternative source. Participants
will also have opportunity to examine the Niobrara
Chalk along the lakeshore and discuss the use of the
Niobrara Formation as a bedrock aquifer. On the road
to this stop, participants may notice the abandoned
remains of the luxury development Devils Nest ski
resort and yacht club, opened in 1972, but closed just
two years later when the development corporation
was dissolved by the Nebraska Secretary of State for
the failure to pay corporate occupation taxes. The
very late Hemphillian giant marmot Paenemarmota
sawrockensis was found at the Devils Nest airstrip, as
documented by Mike Voorhies (1988).
Sediment is being deposited in Lewis and Clark
Lake, and is expected to cover the current water
intake structure in the next couple of decades, with
no immediate plans by the USACE to mitigate
the sediment accumulation. Lewis and Clark
Natural Resources District implemented a study
of the region, with assistance from the Nebraska
Environmental Trust to investigate seven previously
identified alternatives for a sustainable water source
for the rural water project. Nitrate can be an issue
in groundwater in the region, as can hardness, iron,
and manganese, and the result of these concerns is
the groundwater source potential project; baseline
work included 37 CSD test holes and 38 wells
installed at 28 locations completed between 2013
and 2018. District wide three mile spaced aerial

electromagnetic (AEM) survey lines flown in a grid
pattern between 2014 and 2018, with five areas
selected for further analysis in 2017 and additional
AEM surveys in 2018 (Map 8). Each of the five areas
include recent (Quaternary) sediments, including
one in Missouri River alluvium and one in a spatially
constricted paleovalley. One location includes
Ogallala Group strata, while another location
may include Ogallala Group strata hydraulically
connected to Quaternary sands and gravels.

STOP 5:
LEWIS & CLARK NRD OBSERVATION WELL NETWORK

Participants will visit a wellsite and discuss
installation process, CSD data collection and
logging, and how the individual data points relate
to regional subsurface mapping efforts. The Lewis
and Clark NRD monitoring network includes nearly
fifty wells, from which water levels and samples are
routinely gathered to provide basis for local water
management policies.

STOP 6:
LEWIS & CLARK VISITOR CENTER/GAVINS POINT DAM

Following a brief rest stop at the visitor center,
USACE Operations Project Manager Tom Curran
will give a guided tour of the Gavins Point Dam and
answer questions from field trip participants.

Pleistocene sands and gravels and high Plains
(Ogallala) Aquifers.
The Bazile Creek area includes 21 townships
(756 square miles) in Antelope, Knox, and Pierce
counties, portions of Lewis & Clark, Lower Elkhorn,
Lower Niobrara, and Upper Elkhorn NRDs (Map 1),
three groundwater regions, including the Sandhills,
North-Central Tableland, and Northeast Nebraska
Glacial Drift, and the headwaters of Verdigris Creek,
Bazile Creek, and a North Fork of the Elkhorn River
tributary (Figure 10, NDEQ et al., 2016). It is a
hydrogeologically complex area along the western
edge of glacial till in Nebraska and near the northern
extent of the High Plains aquifer (Hobza and
Steele, 2020) where water quality testing indicated
that nitrate concentrations are generally higher in
water drawn from Plio-Pleistocene sediments with
generally lower concentrations from water pumped
from Ogallala Group strata (Gosselin, 1991).
The impetus for the Bazile Creek Groundwater
Management Area Plan and other efforts stems
from the reliance on groundwater as a source of
drinking water, and that drinking water supplies are
impacted by high nitrate concentrations. The 2008
Fully Appropriated determination by the Nebraska
Department of Natural Resources and its subsequent
reversal initiated a period of limited new uses of
water in the area (NDEQ et al., 2016).

STOP 7:
BAZILE CREEK

Participants will learn about
and discuss the National
Water Quality Initiative,
the Bazile Groundwater
Management Area Plan,
and University of Nebraska
demonstration sites with
NRD Manager Mike Sousek
and UNL Extension Educator
Jeremy Milander. The group
will also discuss Lower
and Upper Elkhorn NRD
observation well networks,
with long term water level
observations and water
quality data with a focus
on variations between Plio-

Figure 10. Groundwater regions of the Bazile Groundwater
Management Plan area (NDEQ et al., 2016).
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Saturated hydraulic conductivity of soils in much of
the management area is moderately high
(1-10 micrometers per second) to high (10-100
micrometers per second), and about 50% of the land
in the management area has groundwater within 50’
of the land surface. Approximately two thirds of the
land use is row crop agricultural, including irrigated
and dryland, while the remainder is rangeland,
pasture, urban, woodlands, water and roads. The
Environmental Protection Agency’s DRASTIC
model results indicate that the area has a relatively
high potential for contamination. The model applies
rankings to factors affecting the likelihood of
groundwater contamination, including groundwater
depth, recharge, aquifer media, soil media,
topography, impact to vadose zone, and hydraulic
conductivity. (NDEQ et al., 2016).
Water quality in the management area tends to be
stratified, with shallow well samples containing
generally higher concentrations of nitrate, and
samples from deeper wells with generally lower
concentrations, often from the same high resistivity
sand bodies mapped by AEM, indicating either
longer flow paths or zones locally confined or semiconfined by thin fine-grained layers described in
test holes (Hobza and Steele, 2020). Streams in the
BGMA may be impacted by high levels of nitrogen,
phosphorus and/or E. coli (NDEQ et al., 2016).
In addition to the regulatory process dictated
by statute, the approach to management in the
Bazile Groundwater Management Area includes
Community-Based Planning, where a Technical
Advisory Committee interacts iteratively with
a Community Advisory Council to achieve
the development of the Bazile Groundwater
Management Area Plan, rank priorities, develop
detailed goals and objectives in the near and long
term, and monitor and evaluate progress of the plan
(NDEQ et al., 2016).

STOP 8:
OGALLALA GROUP STRATA

Discuss the Miocene section in the region along the
upper margin of the Verdigre Creek watershed west
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of Creighton (Map 5). Fossils seeds, fruits and leaf
fragments of 18 species have been documented in
portions of the Valentine and Ash Hollow Formations
from this part of Nebraska (Thomasson, 1987).

STOP 9:
CARLILE SHALE

Participants will examine and discuss the Carlile
Shale (Map 5) exposed along Highway 15 south of
Vermillion, SD and review the overall
lithostratigraphy of the Cretaceous section in
eastern Nebraska.

STOP 10:
IONIA VOLCANO

Participants will visit the famed site noted in the
journals of the Lewis and Clark expedition (Aug
24, 1804) and discuss the mystery of the burning
bluff, and the hypotheses regarding its cause. Journal
excerpts include:
[Clark]
“24th August (Sunday) Friday 1804. Some rain
last night & this morning, we Set out at the
usial time and proceeded on the Same Course
of last night Continued S. 48° W. 2¼ mes. to
the Commencement of a Blue Clay Bliff on L S.
about 180 or 190 feet high West under rugged
Bluffs 1¾ ms. passing Several Small Dreens
[drains], falling into the river those Bluffs has
been lately on fire and is yet verry Hott, Great
appearance of Coal, & imence quantities of
Cabalt in Side of that part of the Bluff which…”
[Clark]
“Some rain last night, a Continuation this
morning; we Set out at the usial time and
proceeded on the Course of last night to the
Commencement of a blue Clay Bluff of 180 or
190 feet high on the L. S. Those Bluffs appear to
have been laterly on fire, and at this time is too
hot for a man to bear his hand in the earth at
any debth, gret appearance of Coal. An emence
quantity of Cabalt or a Cristolised Substance
which answers its discription is on the face of
the Bluff—“

[Ordway]
“Friday 24th… we found also a burning bank
or Bluff which was verry high & had fire in it.
it had a Sulpheras Smell, we found in it a great
quantity of asney & a great quantity of different
kinds of mineral Substance, &.c. Capt. Clark
went out hunting…”
[Gass]
“Friday 24th. This morning was cloudy with
some rain. Captain Clarke went by land. We
passed cedar bluffs on the north side, a part of
which were burning; and there are here to be
found mineral substances of various kinds.”
Until 1877, there was some speculation that the bluff
was a volcano caused to erupt by Missouri River
water pouring onto molten rock in the subsurface,
but by 1900, investigations proved that the heat
of oxidation in damp pyrite rich Carlile shale on

fresh exposures due to rapid erosion of the bluffs
(University of Nebraska Press, 2005). Joeckel et al.
(2011) examined natural acid weathering resulting
from pyrite oxidation in sedimentary rocks from this
bluff and others nearby in both the Carlile and Pierre
shales. The bluff was later called “Ionia volcano,” after
the now defunct town of Ionia, Nebraska (University
of Nebraska Press, 2005).

STOP 11:
PONCA STATE PARK

Ponca State Park, in the Missouri River bluffs of
northeastern Dixon County, overlooks the broad
valley shared by the Missouri and Big Sioux rivers
(Pabian and Lawton, 1984). Here, the field trip group
will observe and discuss Late Cretaceous marine strata capped by Pleistocene glacial deposits and Aeolian
loess (Figure 11).

Figure 11: Graphical stratigraphic sections measured at locations along the river trail at
Ponca State Park (Pabian and Lawton, 1984).
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Within the park, the exposed rock formations upward
are the Dakota Formation, Hartland Shale Member
of the Greenhorn Limestone (previously Graneros
Shale), and Greenhorn Limestone. The Dakota strata
were named by Meek and Hayden in 1862 based
on outcrops in their type locale in Dakota County,
Nebraska, while the Graneros Shale and Greenhorn
Limestone were described by G.K. Gilbert in 1896
from areas in eastern Colorado. All of these strata
were deposited within or at the margins of the
Western Interior Seaway, while the type sections
were described at locales deriving their sediments
from different terrains. The Dakota within the park
is a succession of mud and sand layers believed to be
deposited along the shoreline of a low relief landmass
to the east of this location in present day Iowa and
Minnesota (Pabian and Lawton, 1984). Work by
Brenner and others (2000) and Ludvigson and others
(2010) expanded and refined the understanding of
the eastern margin of the Western Interior Seaway
relating to the sequence stratigraphic architecture of
the Dakota Formation.
The Hartland Shale Member was deposited as mud
on the sea floor, with the input of both water borne
and air borne clastic particles. Three distinctive
thin, dark yellow beds can be found in the shale at
Ponca State Park, composed of bentonite clay, the
remains of chemically weathered volcanic ash that
was likely carried to the area on high altitude winds.
The Greenhorn Limestone, also a succession of sea
floor mud layers, with continued input of air borne
dust particles, but with the addition of abundant
exoskeletal remains of foraminifers. While thinner
than the Graneros shale, it is more easily recognizable
because it forms resistant ledges that tend to stand out
in outcrop. As in the Niobrara Formation, Inoceramus
clams can be found as a common macrofossil (Pabian
and Lawton, 1984, Flowerday et al., 1997).
There is a gap in the geologic section between the
Late Cretaceous Greenhorn Limestone and Ice Age
deposits of the Pliestocene epoch, when continental
ice sheets covered much of the land to the north and
east, including much of eastern Nebraska (Pabian and
Lawton, 1984). Evidence of these ice sheets includes
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the till deposits found near the park, as well as erratic
boulders left across eastern Nebraska. Field trip
attendees may recall that the Nebraska Geological
Society’s 2018 field trip to southeast Nebraska
examined Sioux Quartzite boulders left by glaciers.
Sioux Quartzite erratic boulders are common in
pre-Illinoian glacial tills as far south as the present
day Kansas River (Joeckel et al., 2017b). Erratics
eroded from other known Precambrian rocks, such
as Ortonville Granite, Morton Quartz Monzonite
Gneiss, and the Sacred Heart Granite have been
identified in the park, their present day in-situ
exposures along the Minnesota River valley in
southwestern Minnesota. Once the glaciers retreated,
windblown deposits of loess mantled the preexisting
eroded surface of the older strata (Pabian and
Lawton, 1984).

STOP 12:
HOMER, NE/DAKOTA GROUP STRATA
Field trip participants will conclude the tour with
a visit to an outcrop of Dakota Group rocks and
discuss its lithostratigraphy, its use as a source of
underground drinking water in eastern Nebraska,
and learn about ongoing aerial electromagnetic
surveying (Map 8) to better characterize the
subsurface in the region, and efforts to catalog and
synthesize the stream of data into an easily accessible
database with data visualization capabilities. The
detailed water characterization and age dating of
Hobza and Flynn (2021) will be discussed in some
detail to better understand the hydrogeological
conditions and groundwater ages that correlate with
the calcium bicarbonate water type in the MAHA/
Dakota aquifer the lack of observed correlation with
respect to Niobrara and Paleozoic aquifers, and what
implications the findings have for water users and
managers in the region (Figure 12). Field trip leaders
will summarize what has been learned in recent
years regarding the subsurface conceptualization
of northeastern Nebraska, available tools to aid
interpretations, and how the suite of efforts illustrated
by this tour will shape our system conceptualizations
for managing water resources in the future.

Figure 12: Radiocarbon ages, in years before present, from sampled wells,
eastern Nebraska, 2016–18 (Hobza and Flynn, 2021).
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Map 4: Topographic Regions
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Map 5: Bedrock Geology and Landslides
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Map 6: Distribution and Configuration of Aquifers
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Map 7: Earthquakes [Labeled by Year of Occurrence]
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Map 8: Aerial Electromagnetic (AEM) Survey Lines
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